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Introduction 
As part of a continuing effort to prepare high performance - high 
temperature polymers for functional and structural applications, the 
reactions of aromatic dipropynones with aromatic dihydrazines, aromatic 
dithiols, and aromatic diamidines to provide polypyrazoles , polyenone- 
sulfides, and polyprimidines respectively have been investigated. During 
the past year, i t  has been demonstrated that novel polypyrazoles and novel 
polyenonesulfides may be prepared by the proposed procedures. However, 
the preparation o f  polypyrimidines has not been achieved. The preparation 
and characterization of some novel polypyrazolones by reaction of aromatic 
dihydrazines with an activated diacetylenic diester has been achieved. 
7 .  - iechnical Accomplishments: 
Polvpyrazoles 
Polymer Synthesis Polypyrazoles have been prepared from the reaction 
of the aromatic dipropynones with aromatic dihydrazines as shown below. A. 
typical synthesis involved the reaction of stoichiometric amounts of an 
Im-cresol 
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aromat ic  dipropynone w i t h  an aromatic d ihyd raz ine  d i h y d r o c h l o r i d e  a t  75 - 
85°C i n  m-cresol  - a t  a s o l i d s  content o f  15% (w/w) f o r  24 t o  72 hours under 
a n i t r o g e n  atmosphere us ing  t r i e t h y l a m i n e  as t h e  a c i d  acceptor .  Due t o  
t h e i r  hygroscopic nature,  t he  d ihydraz ine d ihyd roch lo r i des  were d r i e d  w i t h  
hea t ing  under vacuum p r i o r  t o  use. S p e c i f i c  r e a c t i o n  cond i t i ons  f o r  t he  
p repara t i on  o f  t h e  var ious  polymers have been repor ted ' .  The r e s u l t i n g  
polymer s o l u t i o n s  were poured i n t o  methanol i n  a h i g h  speed b lender  t o  
i s o l a t e  t h e  polymers. The polymers were c o l l e c t e d ,  washed repeated ly  w i th  
methanol and d r i e d  under vacuum. Inherent  v i s c o s i t i e s  ranged from 0.13 t o  
0.33 dL/g. The c h a r a c t e r i z a t i o n  and thermal p r o p e r t i e s  of t h e  po lypyra-  
zo les a r e  presented i n  Tables 1 and 2. 
Monomer Synthesis - The synthesis of t he  r e q u i r e d  aromat ic  d ip ropy-  
ncjfies, 1 , l ' - (  1 ,3-phenylene)b is(3-phenyl -2-propyn- l -~~e~ ( lY3-2PP0) aiid 
1, l ' - (  1,4-phenylene)bis(3-phenyl-2-propyn-l-one) (1,4-PPPO) has been 
p r e v i o u s l y  reported2.Two H terminal  d i  propynones , 1,l' - ( 1,4-phenyl ene) - 
b i  s (2-propyn-1-one) (1,4-PPO) and 1 , 1 ' - (1 ,3 -~heny lene)b is  (2-propyn-1-one) 
(1,3-PPO) have been prepared us ing  the  method repo r teds  fo r  1,4-PPO. The 
1,3-PPO i s  a new compound. 
The requ i red  aromat ic  dihydrazines, 4,4'-dihydrazinodiphenylmethane 
(4,4' -DHDPM) , 3,3 ' - d i  hydraz i  nodi  phenyl methane (3,3 I -DHDPM) , and 4,4' - 
dihydrazinodiphenylether (4,4'-DHDPE) were prepared by a m o d i f i c a t i o n  o f  
the  procedure repo r ted  by Parkes and Morley4. The corresponding diamine 
was d i sso l ved  i n  a 1:l s o l u t i o n  of concentrated hyd roch lo r i c  a c i d  and 
water  and d i a z o t i z e d  a t  0°C w i t h  sodium n i t r i t e .  The diazonium s a l t  was 
then reduced us ing  stannous ch lo r i de  i n  concentrated h y d r o c h l o r i c  ac id ,  
col1,ected and r e c r y s t a l l i z e d  from a 1% h y d r o c h l o r i c  a c i d  s o l u t i o n  t o  g i ve  
the  dihydrazinedihydrochlorides i n  10-40% y i e l d .  These compounds gave 
2 
s a t i s f a c t o r y  elemental  analyses as t h e  d ihyd roch lo r i des .  The 4,4 ' -d i -  
hydrazinodiphenylsulfone (4,4'-DHDPS) was prepared by  hea t ing  4,4 ' -  
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d ich lo rod ipheny lsu l fone  i n  r e f l u x i n g  excess hydraz ine  hydra te  f o r  24 
hours. The crude produc t  was r e c r y s t a l l i z e d  f rom e thano l  t o  g i v e  a 75% 
o v e r a l l  y i e l d ,  mp 195°C dec. [ l i tS 195"CI. 
Polymer Charac te r i za t i on  - Inherent  v i s c o s i t i e s  ( v inh)  were ob ta ined 
on 0.5% polymer s o l u t i o n s  i n  chloroform a t  25°C. D i f f e r e n t i a l  scanning 
c a l o r i m e t r y  (DSC) was performed a t  a hea t ing  r a t e  of 20"C/min w i t h  the  
g lass  t r a n s i t i o n  temperature (Tg) taken a t  t h e  i n f l e c t i o n  p o i n t  o f  t he  AT 
versus temperature curve. Thermogravimetric analyses (TGA)  were performed 
on powder samples a t  a hea t ing  ra%e o f  2.5"C/min i n  a i r  and n i t rogen .  
Thermal data f o r  t h e  phenyl te rmina l  and H- terminal  po lypyrazoles a r e  
repo r ted  i n  Tables 1 and 2. 
Resu l ts  and Discuss ion 
P r i o r  t o  polymer synthes is ,  a se r ies  of model compounds were prepared 
t o  serve as a gu ide t o  polymer sythes is  and i d e n t i f i c a t i o n .  The f e a s i -  
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b i l i t y  o f  t h e  r e a c t i o n  of aromat ic dipropynones w i t h  aromat ic  d ihydraz ines 
as a f a c i l e  r o u t e  t o  polypyrazoles was success fu l l y  demonstrated by the  
q u a n t i t a t i v e  syn thes is  of a ser ies  of model compounds i n  r e l a t i v e l y  pure 
form. 
Low t o  moderate molecular  weight polymers as evidenced by i nhe ren t  
v i s c o s i t i e s  were r e a d i l y  prepared by the  s o l u t i o n  po lymer i za t i on  o f  
aromat ic  phenyl t e rm ina l  dipropynones and aromat ic  d i  hydrazines. The 
polymers cou ld  be d isso lved i n  a m i x t u r e  o f  m-cresol and to luene and 
s e l e c t i v e l y  p r e c i p i t a t e d  by acetone t o  g i v e  h ighe r  molecular  weight  
f rac. t ions as evidenced by increased inhe ren t  v i s c o s i t i e s ,  i n  one case as 
h i g h  as 0.56 dL/g. The molecular weight  of the  as-prepared polymer was 
- 
3 
limited presumably due t o  s l i g h t  decomposition of the dihydrazine a t  the 
reaction temperature. Tough f lexible  transparent yellow films were formed 
from polymer f rac t ions  w i t h  an inherent viscosi ty  of 0.40 dL/g by solution 
cast ing.  
As presented in Table 1, the Tgs ranged from 225 to  2 6 1 O C .  No 
indication of crystal  1 i n i t y  was observed. The temperature of 10% weight 
loss  a s  determined by TGA ranged from 400 t o  500°C i n  a i r  and 470 and 
512°C i n  nitrogen. 
A typical synthesis of a hydrogen terminal polypyrarole shown below 
involved reacting stoichiometric amounts of a hydrogen terminal dipropy- 
none with a n  aromatic dihydrazine i n  - m-cresol a t  a so l ids  content of 10% 
( w / v )  f o r  2-4 hours under a nitrogen atmosphere. The reactions were 
s t a r t ed  a t  low temperatures i n  an attempt to  prevent tire aihydrazine from 
adding twice t o  the same dipropynone. The reaction temperature was 
allowed t o  slowly increase t o  a b o u t  80°C. The resu l t ing  polymers were 
m-cresol I 
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soluble in most cases in DMAC and DMSO. One polymer (P2) was completely 
soluble only in conc. H2S04.  The inherent viscosities of the hydrogen 
terminal polypyrazoles ranged from 0.31 to 1.05 dL/g. 
The polypyrazoles prepared from the terminal dipropynones (1,3 and 
1,4 PPO’s) required milder reaction conditions and less reaction time than 
those prepared from the phenylated dipropynones. A1 so, the inherent 
viscosities of the polymers prepared from the terminal dipropynones were 
higher. This can be attributed to two factors; the difference in reac- 
tivi ty between the terminal (more reactive) and the phenylated dipropy- 
nones, and the possibility of slight decomposition of the dihydrazines at 
the higher run temperatures and longer reaction times required for prepa- 
rat i on of the phenyl a ted pol ypyrazol es . 
Proton magnetic resonance ( ’H NMR) , carbon-13 magnetic resonance ( 3C 
NMR) and infrared ( I R )  spectra for the polypyrazoles gave absorptions 
characteristic of those obtained for analogous model compounds. In the 
1 3 C  NMR spectrum a resonance corresponding to the methine carbon in the 
pyrazole ring is observed at 105.1 ppm, [lit6 105 ppm], this resonance 
appears as a doublet in the 1 3 C  single frequency off resonance spectrum 
supporting the proposed structure of the pyrazole ring. 
The formation of the polypyrazoles is postulated to occur via Michael 
type addition of the hydrazine to the a,B-unsaturated acetylenic ketone 
followed by cyclization and loss of water in mild acidic media. This 
mechanism appears to be operative in our polymerization as evidenced by 
the isolation of uncyclized polymer in one case. Infrared spectroscopy of 
the uncycl ized polymer revealed the absence of absorptions characteristic 
of a G C-H band at 3225cm-1 and a C C band at 2 1 0 5 ~ m - ~ ,  and the presence 
o f  a The N-H band at 3350 cm”, and a carbonyl band at 1640 cm-’. 
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open chain polymer was cyclized thermally and also by treatment with acid 
to the corresponding polypyrazole. 
Conclusions 
Low to moderate molecular weight polypyrazoles were readily prepared 
from the cyclopolycondensation of aromatic dipropynones and aromatic 
dihydrazines. The polymers exhibited good thermal stability. A paper1 
reporting the preparation and properties of the polypyrazoles under NASA 
Grant NAGI-239 was presented at the national meeting of the American 
Chemical Society held in Chicago, Illinois, September 1985. 
Polyenonesulfides 
Introduction 
The work reported herein concerns the polyaddition o f  1,1'(1,3- 
phenylene)bis(3-phenyl-2-propyn-l-one) (1,3-PPPO) and 1,l'-( 1,4-phenylene)- 
bis(3-phenyl-2-propyn-l-one)( 1,4-PPPO) with a series of aromatic dithiols 
as a facile route to novel polyenonesulfides. 
Technical Approach 
The required nucleophilic and electrophilic monomers employed were 
prepared by known synthetic methods. Aromatic dipropynones were prepared 
as previously reported.2 Aromatic dithiols were readily prepared by 
reduction of aromatic disulfonyl chlorides with stannous chloride di- 
hydrate in acetic acid and dealkylation of dialkylthiobenzenes with sodium 
in liquid arnmonia.7'8. 
Model Compounds 
Model enonesulfides were readily prepared by the piperidine catalyzed 
addition o f  thiophenol to mono- and dipropynones in alcohol or benzene as 
shown below. 
6 
0 
II CH30H Ph-CH-C-Ph + Ph-SH b 
(N-methylmorpholine) 
0 
II 
C-C C-Ph 
/ H  c = c  
Ph-S’ \ C-Ph 
Ph\ 
0 Ph 
II I 
C-CH = C-S-PH 
C-CH = C-S-Ph 
C6H6 
(N-methylmorpholine) b C-CSC-Ph + 2Ph-SH 
tl II I 0 Ph 
Based on spectral evidence and results reported by previous investi- 
gators, only the (Z)-enonesulfide - isomers were obtained. Results o f  thin 
layer chromatography (TLC) indicate the possible presence of the ( E ) -  - 
isomer in some cases. However, (E) isomers were not isolated during the 
course o f  this study. 
Polymer Preparation and Characterization 
Polyenonesulfides were obtained from the N-methylmorphol ine catalyzed 
addition reaction of stochiometric amounts of pure aromatic dithiols to 
1,3- and lY4-dipropynones in - m-cresol as shown below. The 20% (w/w) 
solids solutions were stirred at temperatures ranging from 25 t o  40°C for 
8-36 hours under a nitrogen atmosphere. A s  the reaction proceeded, a 
highly viscous solution of polyenonesulfide was obtained. 
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P h - C d ! e ! - C N - P h  + HS-Ar-SH 
m-cresol 
N-meth ylmorpholine 1 
I- - 
-J" 
I 
Ph = 0 
Structural and configurational assignments for the resulting enone- 
sulfides and polyenonsulfides were based on analytical data, infrared, 
proton and 13C nuclear magnetic resonance spectroscopy. The inherent 
viscosities (ninh) obtained from 0.5% polymer solutions in chloroform at 
25°C ranged from 0.31 to 1.35 dL/g. DSC thermograms displayed well 
defined second order transitions in the range of 132-180°C. TGA results 
indicate a decomposition temperature of 331°C in air and 339°C in a 
nitrogen atmosphere for a typical polyenonesulfide. 
Thermal properties of the novel polyenonesulfides prepared are 
presented in Table 3. Respectzble mechanical properties were observed for 
the polyenonesulfides. Thin film properties representative of the poly- 
enonesulfides were obtained for the polymer prepared from 1,3-PPO and 
8 
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1,3-benzenethiol. The polyenonesulfide film exhibited the following 
properties: tevsile strength, 11,300 psi (3 25"C, 7,54" psi @ 93°C; 
tensile modulus, 466,000 psi Q 25"C, 394,000 (3 93°C; and elongation to 
break, 3.0% @ 25"C, 14.5% Q 93OC. Polyenonsulfides do not display hydro- 
gen bonding interactions and may exist as coiled atactic flexible chains. 
The uncoiling o f  the polymeric chains at elevated temperatures would 
account for the relatively high elongation to break. The observed dif- 
ference in the tensile modulus and strength further supports the flexible 
structure of the polyenonesulfides. 
Concl us i ons 
In summary, easily fabricable polyenonesul fide polymers were readily 
prepared form the solution polyadditon of activated dipropynones (1,3- and 
i,4-PPPO) with various aromatic dithiols. Additional evaiuation of 
meachnical properties is currently being performed by the Polymeric 
Materials Branch of the NASA Langley Research Center. A paper reporting 
the preparation and characterization of polyenonesul fides has been 
accepted for presentation at the national meeting of the American Chemical 
Society to be held in New York, N.Y. in the spring o f  1986. 
Polypyrazol ones 
Introduction 
The work reported in this section concerns the polyaddition cycliza- 
tion of a diacetylenic diester, lY4-phenylene-bis(3-ethyl propiolate) 
(1,4-PEP), with three aromatic dihydrazines. 
Technical Approach 
The required aromatic di hydrazines have been prepared under NAG1-239 
as previously reported. 
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The diacetylenic diester, 1,4-phenyl ene-bi s (3-ethyl propiol a te) 
(1,4-PEP), has been prepared by a multi-step synthesis and the general 
method appears below. The sequence first involves the preparation of 
pdiethynyl benzene. Two methods with reasonable yield history have been 
used to date. A. S .  Hay reported 9 that the bromination of a 50% solution 
of E-divinylbenzene gave 1,4-bis( 1,2-dibromoethyl) benzene. Debromination 
of the dibromide with potassium t-butoxide followed by filtration and 
sublimation gave a 71% yield of pure e-diethynylbenzene for the dehydro- 
halogenation step. An a1 ternate method used by Takahashi and co-workerslo 
in 1980 involves the more costly palladium catalyzed ethynylation of 
dihalogenerated aromatic compounds. Aromatic diiodo and dibromo compounds 
undergo substitution of trimethylsilylacetylene with copper (I) iodide and 
b i  s (ti-i phenyl phosphine) pal 1 adium dichloride as co-ca talys ts . Base 
hydrolysis of the trimethyl si lyl groups with sodium hydroxi de gives pure 
pdiethynylbenzene in 88% yield. 
Model Compounds 
Ethyl phenylpropiolate and phenyl hydrazine have been reacted in 
various solvent and temperature combinations to form isomeric mixtures of 
1,3-diphenylpyrazol-5-one, and 2,3-diphenylpyrazol-5-one. The mode of 
addition of the phenylhydrazine t o  the acetylenic ester was evaluated. 
Equimolar quantities of ethyl phenylpropiolate and phenylhydrazine were 
reacted for 96 hours at room temperature in ethanol. The solvent was 
removed in vacuo to give a 96% crude yield of light yellow crystals, m.p. 
134-135OC. Infrared analysis o f  the crude product showed the absence of 
an alkyne stretching band at 2200 cm-', indicating that the isolated 
product was composed only of cyclized material. This data is consistent 
10 
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with the literature" for 1,3-diphenylpyrazol-5-one, - 15. Physical data 
for compound - 15 is summarized in Table 4. 
The reaction of 1,4-PEP with phenylhydrazine in a 2:l molar ratio in 
- m-cresol at 100°C gave an 83% crude yield of 3 , 3 ' (  1,4-phenylene)bis( 1- 
phenylpyratol-5-one), - 17. 'H NMR, and 13C NMR data are in agreement with 
previous model compound data and are included in Table 4. 
Polymer Preparation and Characterization 
Preliminary work has been conducted to determine the optimum reaction 
conditions for the polymerization of 1,4-PEP with various aromatic dihy- 
drazines. Three novel polypyrazolones - -  18, 19, and - 20 have been prepared 
by the reaction of equimolar amounts of 1,4-PEP with 4,4'-dihydrazino- 
diphenyl sulfone, 4,4'-dihydrazinodiphenylmethane, and 4,4'-dihydrazino- 
diphenylether, respectively. These polymers nave inherent viscosities in 
DMSO of 0.12, 0.44, and 1.05 dL/g respectively. The inherent viscosities 
of the polymer appear to increase as the relative nucleophilicity of the 
dihydrazines increase. The increase in nucleophilicity is due in part to 
the electron donating ability of the hinge atom in each dihydrazine in the 
order -0- > -CH2- > -SO2-. The 'H NMR, 13C NMR, and infrared data for 
polymer - 19 compare favorably with data from the pyrazolone model com- 
pounds. Spectral data for polymer - 19 are shown in Table 4, and reaction 
conditions for the preparation of polypyrazolones are summarized in Table 
5. Two polymer samples prepared as part of the pilot study have been 
submitted to the Polymeric Materials Branch o f  the NASA-Langley Research 
Center for prel i mi nary eval ua t i on. 
12 
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Polypyrimi di nes 
Introduction 
The work reported in this section concerns the attempted polymeriza- 
tion o f  1,l'- (1,3-phenylene)bis(3-phenyl-Z-propyn-l-one), ( lY3-PPPO), 
1,l' - (  1,4-phenylene)bis (3-phenyl -2-propyn-1-one) , (1,4'-PPPO) , 1,l ' - (  1,3- 
phenylene)bis(Z-propyn-1-one) , (1,3-PPO), and l,l'-( lY4-phenylene)bis(2- 
propyn-1-one), (1,4-PPO), with a series o f  aromatic diamidines as a route 
to polyprimidines. 
13 
Technical Approach 
The required dipropynones and diamidines were prepared by known 
synthetic methods. The aromatic dipropynones were prepared as previously 
reported. The aromatic diamidines were prepared using the Pinner method 
by dissolving the appropriate dinitrile in methylene chloride saturated 
12,13 with hydrogen chloride and adding 3.0 molar equivalents o f  ethanol. 
The resulting imidate ester then subjected to ammonolysis in absolute 
ethanol saturated with anhydrous ammonia to yield the amidine hydrochlor- 
ide. The diamidines prepared in this manner are 1,3-diamidinobenzene, 
1,4'-diamidinobenzene, 4,4'-diamidinobenzophenone, 4,4'-0xydibenzamidine, 
4,4'-benzamidine sulfone. Many of the necessary dinitriles were not 
commercially available and could not be efficiently prepared by the 
substitiitim of a diazonium group by ciiproiis cyanide. Instead they were 
prepared by substitution o f  the desired dihalide (either bromide or 
chloride) by cuprous cyanide in N-methyl-pyrrolidone. 14 
Model Compounds 
Model pyrimidines were prepared to study the proposed reaction. 
Benzamidine hydrochloride was reacted with 1,3-PPPO or lY4-PPPO to form 
bis( 2,6-diphenylated pyrimidines). Benzoylphenylacetylene was reacted 
with 1,3- or lY4-benzamidine hydrochloride to form bis(4,6-diphenylated 
pyrimidines). Both sets o f  model pyrimidines were prepared in  2-propanol 
with enough sodium bicarbonate to neutralize the hydrochloride salt of the 
amidine. Based on spectral,stoichiometric, and thin-layer chromatographic 
evidence, the reaction proceeded in quantative yield. Model compoundsy 
Table 6, were characterized by elemental analysis and infrared spec- 
troscopy. 
14 
r 1 
an H,O 
R =  H or Ph 
Polymer Preparation and Characterization 
Many attempts were made to polymerize the various diamidines and 
dipropynones. Ir! the general procedure, an equimolar amount of  each 
monomer was dissolved in freshly distilled solvent with concentrations 
between 5-20% (w/w) solids under a nitrogen atmosphere. The mixtures were 
stirred for 24- 96 hours at temperatures ranging from 25-125°C. A variety 
of solvents and solvent mixtures were tried. - m-Cresol, hexamethylphos- 
phoramide (HMPA) , dimethylformamide (DMF), piperidine, N-methylpyrrol i- 
done, and polyphosphoric acid were used as solvents. As the polymeriza- 
tion proceeded the resulting ol igomers preciptated before high molecular 
weight could be achieved. These products did not show glass transtions 
when subjected to thermal analysis nor would they dissolve in common 
organic solvents. Their infrared spectra were consistant with those of 
the model pyrimidines . 
NASA-Langley - V.C.U. Interaction 
During the course of the grant period, a close cooperative and 
collaborative relationship has been maintained with Paul M. Hergenrother, 
Senior Polymer Scientist, Polymeric Materials Branch, NASA-Langley. 
Approximately thirty polymer samples have been submitted to Paul 
Hergenrother for characterization which involved determination of both 
physical and mechanical properties. 
John Connell , a Virginia Commonwealth University graduate student, 
has received support under NAG1-239 to spend one year in the Polymeric 
Materials Branch at NASA-Langley. Mr. Connell ' s  duties involve the 
evaluation of thermal or mechanical properties of new polymers for end use 
applications. The student has had the opportunity to more fully 
characterize promising new high temperature polypyrazoies as adhesives, 
composite matrices, films and coatings using equipment and instrumentation 
not available at V.C.U. 
Personnel 
The principal investigator devoted approximately 100% of his time 
during the summer and 35% of his time during the academic year to the 
project. The graduate reseach assistants listed below contributed to the 
research effort summarized in this report. Those contributing who 
received full or partial support under NAGI-239 were: J.M. Connell, E.W. 
Cooper, S.M. Andrews and R.O.  Waldbauer. 
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EXPERIMENTAL 
General 
All melting points were determined on a Thomas Hoover melting point 
apparatus and a re  uncorrected. Elemental analyses were performed by 
Atlantic Microlabs, Inc. ,  Atlanta, Georgia. Inherent v i scos i t i e s  were 
obtained on a 0.5% w/v solution (0.1000 g i n  20 m L )  a t  2 5 O C .  Infrared 
( IR)  spectra were obtained on a Perkin-Elmer 283 spectrophotometer as t h i n  
f i lms, KBr discs  and Nujol mulls. Proton and carbon nuclear magnetic 
1 resonance ( H and  I3C N M R )  spectra were obtained on a JEOL FX9OQ Fourier 
transform NMR spectrometer. Chemical s h i f t s  a re  reported i n  par t s  per 
million ( 6 )  downfield from internal tetramethylsilane (TMS). Different ia l  
scanning calorimetry (DSC) was performed i n  s t a t i c  a i r  o r  a nitrogen 
atmospnere a t  a heating r a t e  of 2G"Cimin using a D u P o n t  model 990 tnermai 
analyzer i n  combination w i t h  a standard DSC c e l l .  The apparent glass  
t rans i t ion  (Tg)  was taken a t  the mid-inflection point of the A T  versus 
temperature curve a f t e r  heating the sample t o  300°C followed by quenching 
on a cold surface. Thermogravimetric analyses (TGA's) were performed on 
powdered samples using a Perkin-Elmer program temperature cont ro l le r  model 
UV-1 i n  combination w i t h  a heater control ler  and an autobalance model A R - 2  
a t  a heating r a t e  of 2.5"C/min in both a i r  and  nitrogen. Solvents and  
starting materials obtained from commercial sources were purified as 
required. Triethylamine, - m-cresol and phenyl hydrazine were d i s t i l l e d  
pr ior  t o  use. 
Propynones and  D i  propynones 
Benzoylphenylacetylene (E). I n t o  a 2 L three-neck round bottom 
f lask  f i t t e d  w i t h  a nitrogen in l e t  a n d  a mechanical s t i r r e r  was placed 2 .7  
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M N-butyllithium in hexane (112 mL, 0.30 mol, Aldrich Chemical Co.) in 
tetrahydrofuran (THF) (200 mL). The solution was maintained below 5°C 
during dropwise addition of phenylacetylene (30.7 g, 0.30 mol, Aldrich 
Chemical Co.) in THF (50 mL). The solution was stirred an additional 5 
min and then freshly distilled benzaldehyde (35.0 g, 0.33 mol) in THF (50 
mL) was added dropwise over 10 min with stirring. Additional THF (200 mL) 
was added and the solution was then allowed to warm to room temperature 
while stirring was continued over 45 min. The reaction mixture was 
neutralized with 20% aqueous acetic acid (100 mL). The organic layer was 
then washed twice with water (200 mL and the solvent removed in vacuo ( <  
40°C) to give the racemic acetylenic alcohol. To a stirred solution of 
-- 
the crude acetylenic alcohol in acetone (200 m L )  was added dropwise a 
solution of chromic anhydride (21.0 g, 0.21 mof j in sulfuric acid (18.1 
mL) and water (60.5 mL), maintaining the temperature below 20°C. Stirring 
was continued an additional 30 min and then the reaction mixture was 
poured onto cracked ice (750 g). The crude BPA was collected by fil- 
tration, washed with water, and air dried: yield 36.8 g (59.5%); mp 
42-44°C. Recrystallization from hexanes containing a small amount of 
toluene gave pure BPA, mp 45.5-47.5"C (d5 mp 46-48°C). 
1,l'-( 1,4-Phenylene)bis(3-phenyl-2-propyn-l-one) (1,4-PPPO). A solution 
of lithium phenylacetylide (0.41 mol) was prepared in THF (200 mL) as 
previously described. Terephthalaldehyde (25.0 g, 0.186 mol, Aldrich 
Chemical Co.) in THF (150 mL) was added dropwise over 10 min to the 
phenylacetylide solution while maintaining the temperature below 5OC. The 
reaction slurry was treated with additional THF (200 mL) and then allowed 
to warm to room temperature over 45 minutes. The reaction mixture was 
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neutralized with 20% aqueous sulfuric acid (100 mL) and the organic layer 
was washed twice with water (200 mL) and the solvent removed -- in vacuo ( <  
50°C) to yield an oil. A solution of the oil in acetone (ZOO mL) was then 
treated dropwise over 15 min with chromic anhydride (26.0 g, 0.26 mol) in 
sulfuric acid (22.4 mL) and water (75.0 mL)  while maintaining the temp- 
erature below 20°C. The solution was then allowed to warm to room temp- 
erature while stirring was maintained for 30 min. The reaction mixture 
was poured onto cracked ice (750 g )  to isolate the crude product. After 
filtration and air drying, the 1,4-PPPO was dissolved in a minimal amount 
of hot chloroform and the solution was filtered through a 5 cm bed of 
silica gel (mesh size 60-200, Davison Chemical Corp.) to remove chromium 
salts. Recrystal- 
lization twice from methyl ethyl ketone gave pale yellow needles o f  pure 
1,4-PPPO: yield 32.7 g (52.6%); mp 192.5-193.5"C (lit.16 mp 185-187°C). 
Removal of the solvent -- in vacuo provided the product. 
1,l'-( 1,3-Phenylene)bis(3-phenyl-Z-propyn-l-one) (1,3-PPPO). 
Impure 1,3-PPPO from isophthalaldehyde (25.0 g, 0.186 mol, Sigma 
Chemical Co.) was obtained using the procedure described for the 
preparation of 1,4-PPPO. Recrystallization of the crude product from 
2-propanol/95% ethanol gave cream colored crystals of  pure 1,3-PPPO: yield 
28.5 g (45.7%); mp 119-121°C. IR (KBr) 2212 cm-' (CrC), 1640 cm" (C=O); 
'H NMR (CDC13) 69.13-7.24 (14H, m, Ar-H); 13C NMR 176.7 ppm (C=O), 94.2 
ppm (GC-CO), 86.7 ppm (zC-Ph) - Anal. Calcd. For C24H1402: C, 86.21%; H, 
4.22% Found: C, 86.08%; H, 4.27%. 
1-Phenyl -2-propyn-1-one (PPO) 
To a solution of 1-phenyl-2-propyn-1-01 (50.0 g, .378 mcl, Farchan 
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Chemical Co.) i n  acetone (300 mL) was added dropwise a s o l u t i o n  o f  chromic 
anhydr ide (26.5 g, 0.26 mol)  i n  s u l f u r i c  a c i d  (24 mL) and water  (75 mL), 
w h i l e  ma in ta in ing  t h e  temperature 0 t o  10°C. S t i r r i n g  was cont inued an 
a d d i t i o n a l  30 min. a t  room temperature and then t h e  r e a c t i o n  m i x t u r e  was 
poured onto cracked ice .  The crude produc t  was c o l l e c t e d  by f i l t r a t i o n  
and washed w i t h  water. R e c r y s t a l l i z a t i o n  f rom hexanes gave o f f - w h i t e  
c r y s t a l s  of PPO i n  82% y i e l d ,  m.p. 47-49"C [ L i t .  17 m.p. 46-48OCI. 
1,l'-( 1,4-Phenylene)bis(2-propyn-l-one) (1,4-PPO) 
I n t o  a f lame-dr ied,  l L ,  three-neck, round bottom f l a s k  f i t t e d  w i t h  a 
mechanical s t i r r e r ,  pressure equa l i z ing  dropping funne l ,  r e f l u x  condenser, 
and a n i t r o g e n  i n l e t  and o u t l e t  was p laced 12.0 g (0.50 g atoms) o f  f r e s h  
magnesium tu rn ings  and 300 mL of d r y  THF. Ethylbromide (60.0 g, 0.55 
mole) was p laced i n  t h e  pressure e q u a l i z i n g  dropping funne l  and added 
dropwise t o  prepare the  Gr ignard reagent. Under n i t r o g e n  , acety lene was 
bubbled i n t o  250 mL o f  d r y  te t rahydro furan  (THF) i n  a f lame-dr ied  2L th ree  
neck round bottom f l a s k  f i t t e d  w i th  a pressure e q u a l i z i n g  dropping funne l  
c o n t a i n i n g  ethylmagnesium bromide, a magnetic s t i r r e r ,  and gas i n l e t  tube 
which pro t ruded i n t o  the  THF i n  the f lask .  The acety lene was p u r i f i e d  by 
pass ing i t  through a s o l u t i o n  of p y r a g a l l o l  i n  sodium hydrox ide and then 
through concentrated s u l f u r i c  acid. A f t e r  10 minutes, a smal l  p o r t i o n  
(5-10 mL) o f  ethylmagnesium bromide was in t roduced,  a f r o t h  of ethane ap- 
peared immediately which was e a s i l y  d i s t i n g u i s h a b l e  f r o m  t h e  l a r g e r  
bubbles o f  acety lene.  A f t e r  t he  f r o t h i n g  subsided the  a d d i t i o n  o f  t he  
ethylmagnesium bromide was cont inued i n  a por t ion-w ise  fash ion  u n t i  1 the  
tota.1 s o l u t i o n  had been added. 
To t h e  s o l u t i o n  o f  ethynylmagnesium bromide, terephthala ldehyde 
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(24.0 g), (0.179 moles) (Aldrich Chem. Co.) in 150 mL THF was added over a 
15-20 minutes period. The reaction was flushed with nitrogen and allowed 
to stir at room temperature for 2 hr. The mixture was then hydrolyzed 
with 1.5 L o f  saturated ammonium chloride solution. The aqueous phase was 
extracted with three 200 mL portions of diethyl ether. The THF solution 
and ether extracts were combined and dried over anhydrous magnesium 
sulfate. The THF/ether was removed under vacuum to give the racemic 
dipropynol as an oil. 
To a mechanically stirred solution of the dipropynol in acetone (200 
mL), chromic anhydride (12.6 g, 0.126 mole) in sulfuric acid (12 mL) and 
water (36 mL) was added dropwise while maintaining the temperature 0 to 
5°C. Stirring was continued an additional 30 min. and the reaction 
mixture was poured onto cracked ice. The crude product was collected by 
filtration, washed with water, and air dried to yield 19.69 g (60% yield) 
of 1,4-PPOY m.p. 197-200. Recrystallization from 1,4-dioxane gave pale 
yellow needles of pure 1,4-PPO. Yield 10.5 g (32%), m.p. 206-208°C (dec) 
[Lit. m.p. 208°C (dec)]. 18 
1,l'-( 1,3-Phenylene)bis(2-propyn-l-one) ( 1,3-PPO) 
Crude 1,3-PPO from isophthalaldehyde (24.0 g, 0.18 moles, Sigma 
Chemical Co.) was obtained using the procedure described for the pre- 
paration o f  1,4-PPO. Recrystallization of the crude product from benzene 
gave yellow crystals of pure 1,3-PPO: Yield 9.36 g (28.73), m.p. 105- 
107°C. Infrared spectrum (IR) (KBr) showed absorptions characteristic of 
(CX-H) at 3225 cm-l, (CEC) at 2105 cm-', and (C=O) at 1640 cm-'. Anal. 
Calcd. for C12H602: C, 79.11%; H, 3.32%. Found: C, 79.06%; H, 3.34%. 
Both 1,3 and 1,4-PPO discolored slightly on exposure to air. High pres- 
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sure 1 iquid chromatographic analyses of freshly recrystallized and dis- 
colored compounds showed no change in their chromatograms. In addition, 
there were no changes in the melting points or the 'H NMR and 13C NMR 
spectra. Elemental analyses of freshly recrystal 1 ized and discolored 
compounds were within experimental limits (t 0.3% of theoretical values). 
Di hydrazines 
4,4'-Dihydratinodiphenyl ether (4,4'-DHDPE) 
Into a 2L three-neck round bottom flask fitted with mechanical 
stirrer, thermometer and dropping funnel was placed 4-aminophenyl ether 
(20.0 g, 0.10 mol, Aldrich Chemical Co.) dissolved in 150 mL concentrated 
hydrochloric acid and 100 mL of water. The reaction mixture is placed in 
a dry-ice acetone bath which can be raised and lowered to maintain the 
temperature below OOC. The solution was cooled to -5°C and a solut on of 
sodium nitrite (15.1 g, 0.22 mol, Aldrich Chemical Co.) in 50 mL of water 
was added dropwise while maintaining the temperature -10 to 0°C. St rring 
was continued for an addi%ional hour at 0°C and the diazonium salt was 
reduced using stannous chloride dihydrate (148.6 g, 0.66 mol, Aldrich 
Chemical Co.) in concentrated hydrochloric acid (300 mL) previously cooled 
to 0°C. The mixture was stirred overnight at room temperature and the 
solid was subsequently collected by filtration and dried in vacuo. The 
dihydrazine dihydrochloride was recrystallized from a 1% aqueous hydro- 
chloric acid solution using charcoal to give white platelets. Yield 12.7 g 
(42%) of the dihydrazine dihydrochloride. Anal. Calcd. for C12H16N4C120: 
C, 47.54%; H, 5.32%; N,  18.48%. Found: C, 47.61%; H, 5.33%; N, 18.44%. 
The melting point of the free base was 132-134°C. 
-- 
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4,4' -Di hydrazi nodi phenyl methane (4,4 ' -DHDPM) 
4,4'-DHDPM was prepared in 37% yield from 4,4'-methylene dianiline 
by the same procedure as described for the preparation of 4,4'-DHDPE. The 
melting point of the free base was 146-148°C [Lit. m.p. 141-143°C). 
Anal. Calcd. for C13H18NqC12: c ,  51.83%; H, 6.02%; N ,  18.60%. Found: C, 
51.69%; H, 6.06%; N, 18.51%. 
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3,3 ' -Di hydraz i nodi p heny 1 -me thane ( 3 , 3  I -DHDPM) 
3,3'-DHDPM was prepared in 27% yield from 3,3'-methylene dianiline 
by the same procedure as described for 4,4'-DHDPE . 
the free base was 65-67°C. Anal. Calcd. for C13Hi8N4C12: 
6.02%; N, 18.60%. Found: C, 51.74%; H, 6.06%; N, 18.54%. 
The melting point of 
C, 51.83%; H, 
These three dihydrazines, (4,4'-DHDPE, 4,4'-DHBPM and 3,3'-DHDPM) 
were stored and analyzed as their dihydrochloride salts due t o  the in- 
stability of the free bases for prolonged periods in air. Due to their 
hygroscopic nature they were dried -- in vacuo prior to use. 
The free bases were prepared by dissolving the dihydrazine dihydro- 
chloride in distilled water and adding ammonium hydroxide. The solid was 
collected, washed with water and recrystallized from 95% ethanol. 
4,4' -Di hydrazi nodi phenyl sul fone (4,4 ' DHDPS) 
Into a 250 mL round bottom flask equipped with a water condenser was 
placed 4-chlorophenyl sulfone (10.0 g, 0.35 mol ,  Aldrich Chemical Co.) , 
hydrazine hydrate (80 mL, Aldrich Chemical Co.) and a boiling chip. The 
mixture was refluxed for 24 hrs, cooled and the solid collected by fil- 
tration and air dried. The crude product was recrystallized twice from 
95% ethanol using charcoal to give white needles. Yield 7.7 g (79%), m.p. 
25 
198°C (dec) [Lit." m.p. 198°C (dec)]. 
Model Pyrazoles 
1,l ' - (  4,4' -0xydi phenyl ene)bi s (3,5-di phenyl pyratole) 
A solution of 4,4'-dihydrazinodiphenyl ether dihydrochloride (0.4944 
g, 1.63 mmol), BPA (0.6721 g, 3.26 mmol) and triethylamine (0.363 g, 3.58 
mmol) in 95% ethanol was heated at reflux under a nitrogen atmosphere for 
24 hr. The solvent was removed -- in vacuo and the crude material was heated 
in boiling water to provide a yellow solid (0.88 g, 89% yield), m.p. 
138-143°C. Recrystallization from toluene gave yellow leaflets. Yield 
0.68 g (69%), m.p. 149.5-151°C. 'H NMR (CDC13), 67.0-7.9 (30 H, m, Ar-i-l); 
13C NMR (CDC13), 105.1 ppm (C-4 pyrazole ring), SFOR doublet. Anal. 
Caicd. for C42H30N4O: C, 83.143; H, 4.981; N,  9.23%. Found: C, 82.88%; 
H, 5.11%; N, 9.22%. 
1,l ' - (4,4' -Methyl enedi phenyl ene ) bi s ( 3,5-di phenyl pyrazol e) 
A solution of 4,4'-dihydrazinodiphenyl methane dihydrochloride 
(0.6150 g, 2.04 mmol), BPA (0.8411 g, 4.08 mmol) and triethylamine (0.45 
g, 4.4 mmol) were used to prepare the title compound following the 
procedure described for the preparation of 1,4'-(4,4'-oxybispheny1ene)bis- 
(3,5-diphenylpyrazole). The crude compound was obtained a s  a yellow sol id 
(1.1 g), m.p. 137-141°C. Recrystallization from toluene gave pale white 
leaflets. Yield 0.84 g (67.6%), m.p. 141.5-143°C. 'H NMR (CDC13), 62.98 
(2H, s ,  -CH2-), 7.0-7.9 (30 H, m, Ar-H); 13C NMR (CDC13) 40.9 ppm -CH2-, - 
SFOR triplet, 105.1 ppm (C-4 pyrazole ring), SFOR doublet. Anal. Calcd. 
for I C43H32N4: C, 85.40%; H, 5.33%; N, 9.26%. Found: C, 85.29%; H, 
5.40%; N, 9.14%. 
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1,l - (  3,3 I -Methyl enedi phenylene) bis (3,5-di phenyl pyrazole) 
A solution of 3,3'-dihydrazinodiphenylmethane dihydrochloride 
(0.7240 g, 2.40 mmol), BPA (0.9897 g, 4.8 mmol) and triethylamine (0.539, 
5.2 mmol) used to prepare the title compound as described above. The 
crude product was recrystallized from ethyl ether to give pale white 
platelets. Yield 0.93 g (64%), m.p. 145-147°C. Anal. Calcd. for 
C43H32N4: C, 85.40%; H, 5.33%; N, 9.26%. Found: C, 85.24%; H, 5.35%; N, 
9.23%. 
3,3 - (  1,4-Phenyl ene) bis (2,5-diphenyl pyrazol e) 
A solution of 1,4-PPPO (1.32149, 3.95 mmol) and freshly distilled 
phenylhydrazine (0.9397 g, 8.69 mol, Aldrich Chemical Co.) was heated st 
reflux in 95% ethanol for 24 hr. under a nitrogen atmosphere. The solvent 
was removed in vacuo to give 1.93 g (95% of crude product, m.p. 240-243°C. 
Recrystallization from ethanol gave pale yellow needles. Yield 1.60 g 
21 (78.7%), m.p. 246.5-247.5"C. [Lit. m.p. 247-248"C]. Anal. Calcd. for 
C36H26N4: C, 84.02%; H, 5.09%; N, 10.89%. Found: C, 83.93%; H, 5.13%; 
N ,  10.85%. 
-- 
3,3 - ( 1,3-Phenylene) bis (2,5-diphenyl pyrazole) 
A solution of 1,3-PPPO (1.6234 g, 4.85 mmol) and freshly distilled 
phenylhydrazine (1.1524 g, 10.6 mmol) in 95% ethanol was reflexed for 24 
hr under a nitrogen atmosphere. The crude product was recrystallized from 
95% ethanol to give a yellow powder. Yield 1.77 g (71%), m.p. 237-238°C. 
22 [Lit. m.p. 237-238"CI. Anal. Calcd. for C36H26N4: C, 84.02%; H, 5.09%; 
N, 10.89%. Found: C, 83.90%; H, 5.12%; N, 10.87%. 
1,l I - (  4,4'-Oxydi phenylene) bis (5-phenyl pyrazole) 
A solution of 4,4'-DHDPE (1.3502 g, 5.86 mmol), PPO (1.5253 g, 11.72 
mol) and 1 drop H2S04 in 95% ethanol was refluxed for 24 hr. under 
nitrogen. The solvent was removed in vacuo to give 2.44 g (91.5%) of 
crude product. Recrystallization from toluene gave white crystals. Yield 
2.06 g (77%), m.p. 198-200°C. Anal. Calcd. for C30H22N40: C, 79.27%; H, 
4.88%; N, 12.32%. Found: C, 79.37%; H, 4.91%; N, 12.27%. 
-- 
1,l ' - (  4,4' -Methylenediphenylene) bis( 5-phenyl pyrazole) 
A solution of 4,4'-DHDPM (1.2500 g, 5.47 mmol), PPO (1.4238 g, 10.94 
mmol) and 1 drop H2S04 in 95% ethanol was refluxed for 24 hrs under 
nitrogen. The solvent was removed in vacuo to give 2.22 g (89%) o f  crude 
product. Recrystallization twice from toluene gave white platelets. 
Yield 1.68 g (67%), m.p. 217.5-219°C. Anal. Calcd. for C31H24N4: C, 
82.27%; H, 5.34%; N, 12.38%. Found: C, 82.24%; H, 5.35%; N, 12.35%. 
3,3' - ( 1,4-Phenylene) bis (2-phenyl pyrazole) 
A solution of 1,4-PPO (2.1175 g, 11.62 mol), phenylhydrazine 
(2.76429, 25.56 mmol, Aldrich Chemical Co.) and 1 drop H2S04 was refluxed 
in 95% ethanol for 24 hr. under a nitrogen atmosphere. The solvent was 
removed in vacuo to give 3.95 g (93%) of crude product. Recrystallization 
twice from toluene gave off pale yellow crystals. Yield 2.82 g (67%), 
m.p. 241.5-243°C. C, 79.53%; H, 5.00%; N,  
15.46%. Found: C, 79.48%; H, 5.03%; N,  15.39%. 
Anal. Calcd. for CZ4Hl8N4: 
3,3' - (  1,3-Phenylene) bis (2-phenyl pyrazole) 
A solution of 1,3-PPO (2.21079, 12.13 mmol) phenylhydrazine 
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(2.88609, 26.68 mmol, A l d r i c h  Chemical Co.) and 1 drop H2S04 was r e f l u x e d  
i n  95% ethanol  f o r  24 hours under a n i t r o g e n  atmosphere. The s o l v e n t  was 
removed -- i n  vacuo t o  g i v e  3.959 (90%) o f  crude product .  R e c r y s t a l l i z a t i o n  
t w i c e  f rom to luence gave wh i te  c r y s t a l s .  Y i e l d  3.029 (70%), m.p. 
153-154.5"C. Anal. Calcd. f o r  C24H18N4: C y  79.53%; H, 5.00%; N, 15.46%. 
Found: C, 79.51%; H,5.07%; N, 15.42%. 
Polypyrazol  es 
Poly  1 , l ' - (  4,4'-Oxydiphenylene) ( 1,4-phenylene) b i s (  3-phenylpyrazole)  - P 1
I n t o  a 50 mL th ree  neck round bottom f l a s k  equipped w i t h  a mech- 
a n i c a l  s t i r r e r ,  thermometer and n i t rogen  i n l e t  was p laced 1,4-?PPO (1.8763 
g, 5.61 mmol) and 8 mL m-cresol .  - The s o l i d  s l o w l y  d i sso l ved  and 4,4'- 
DHDPEe2HCl (1.7009 g, 5.61 mmol) was added and washed i n  w i th  2 mL m- 
c reso l ,  t he  system was f lushed w i th  n i t r o g e n  f o r  10 min. Tr ie thy lamine 
(TEA) (1.25 g, 12.34 m o l )  was added and the  r e a c t i o n  m ix tu re  was warmed 
t o  75OC f o r  24 hr .  under a stream of n i t rogen .  The polymer was i s o l a t e d  
by pour ing  the  r e a c t i o n  m ix tu re  i n t o  methanol i n  a h igh  speed blender.  
The p a l e  y e l l o w  polymer was c o l l e c t e d  by f i l t r a t i o n  heated i n  d i s t i l l e d  
water  t o  remove any TEA-HC1, and heated i n  methanol t o  rerncve any r e s i d u a l  
- m-cresol .  The polymer was d r i e d  a t  95°C f o r  severa l  hours t o  g i v e  2.8 g 
(97% y i e l d ) .  The inhe ren t  v i s c o s i t y  (n inh )  of a 0.5% s o l u t i o n  (0.1 g i n  
20 mL s o l v e n t )  i n  ch loroform a t  25°C was 0.33 dL/g. Transparent y e l l o w  
- 
f i n g e r n a i l  c r e a s i b l e  f i l m s  were cast 
over lapped (C=C) and (C=N). 'H NMR 
H).  13C NMR (CDC13) 105.2 ppm (C-4 
ppm doublet .  
from chloroform. I R  (KBr) 1595 cm" 
(CDC13) 6 6.9-7.8 (24 H, m, aromat ic  
pyrazo le  r i n g ) ,  SFOR 103.8 and 106.5 
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Poly l,l'-( 4,4'-Oxydiphenylene) ( lY3-phenylene)bis (3-phenyl pyrazole) p2 
Polypyrazole - P2 was prepared as previously described for P1 from 
1,3-PPPO (2.2182 g, 6.63 mol), 4,4'-DHDPE.2HCl (2.0114 g, 6.63 mol) and 
TEA (1.5 g, 14.8 mol) in 17 mL - m-cresol. The reaction was heated at 
100°C for 24 hr. under nitrogen. The polymer was isolated and worked up 
as described for - P1 to give 3.95 g (98% yield) of yellow polymer. 
'inh 
The 
of 1 0.5% solution in chloroform was 0.31 dL/g. Transparent yellow 
fingernail creasible films were cast from chloroform. 
overlapped (C=C) and (C=N). 
I R  (KBr) 1595 cm" 
'H NMR (CDC13) 6 6.7-7.8 (24 H, m, aromatic 
H). 
ppm doublet. 
13C NMR (CDC13) 105.1 ppm (C-4 pyrazole ring), SFOR 103.7 and 106.4 
Poly 1 , 1 I -( 4,4' -Methylenedi phenylene) (1,4,-phenylene) bis (3-phenyl pyrazole) 
P3 -
The polypyrazole - P3 was obtained from 1,4-PPPO (1.3772 g, 4.11 
mmol), 4,4'-DHDPM*2HCl (1.2406 g, 4.11 mmol) and TEA (0.92 g, 9.1 mmol) in 
14 mL m-cresol - as previously described for - P1. The reaction was heated at 
75°C for 24 hr under nitrogen. The polymer was isolated and worked up as 
previously described to g i v e  2.4 g (97% yield) of yellow polymer. The 
of a 0.5% solution in chloroform was 0.20 dL/g. Transparent yellow 'inh 
brittle films could be cast from chloroform. I R  (KBr) 1595 cm-I over- 
1 lapped (C=C) and (C=N). 
H,  m, aromatic H). 
41.7 ppm triplet. 
doubl et. 
H NMR (CDC13) 6 3.9 (ZH, s ,  -CH2-), 6.8-7.8 (24 
13C NMR (CDC13) 40.9 ppn! (-CH2-). SFOR 39.8, 40.9, 
105.2 ppm (C-4 pyrazole ring), SFOR 103.9 and 106.6 ppm 
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Poly 1,l I - (  4,4' -Methylenediphenylene) ( 1,3-phenylene) bis (3-phenyl pyrazole) 
P4 -
Polypyrazole - P4 was obtained from 1,3-PPPO (2.2944 g, 6.86 mmol), 
4,4'-DHDPM=2HCl (2.0670 g, 6.86 mol) and TEA (1.5 g, 15 mmol) in 20 mL 
m-cresol as previously described for P1. The reaction mixture was heated 
at 75°C for 24 hr. under nitrogen. The polymer was isolated and worked up 
as previously described to give 4.0 g (97% yield) of yellow polymer. The 
Transparent Oi nh 
-- 
of a 0.5% solution in chloroform at 25°C was 0.23 dL/g. 
yellow brittle films were cast from chloroform. IR (KBr) 1595 cm- l  
overlapped (C=C) and (C=N). 'H NMR (CDC13) 6 3.9 (ZH, s ,  -CH2-), 6.8-7.8 
(24H, m y  aromatic H). 13C NMR (CDC13) 40.8 ppm ( - C i i 2 - ) ,  SFOR 39.8, 40.8, 
41.6 ppm triplet. 105.1 ppm (C-4 pyrazole ring). SFOR 103.8 and 106.5 
ppm doublet. . 
Poly 1,l' - (  4,4' -Sulfonyldi phenylene) ( 1,4-phenylene) bis (3-phenyl pyrazole) 
P5 -
Polypyrazole - P5 was obtained from 1,4-PPPO (1.1845 g, 3.54 mmol) and 
4,4'-DHDPS (0.9860 g, 3.54 mmol) in 11 mL - m-cresol as previously described 
for P1. The reaction mixture was heated to 120°C for 48 hr under nitro- 
gen. The polymer was isolated and worked up as previously described to 
give 1.94 g (95% yield) of yellow polymer. The Oinh of a 0.5% solution in 
chloroform at 25°C was 0.15 dL/g. IR (KBr) 1595 cm-l overlapped (C=C) and 
(C=N). 'H NMR (CDC13) 6 6.8-7.8 (24H, m, aromatic H). 13C NMR (CDC13) 
103.8 ppm (C-4 pyrazole ring), SFOR 102.5 and 105.4 ppm doublet. 
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Poly 1 , I '  - (  4,4' -Sul fonyldiphenylene) ( 1,3-phenylene) bis (3-phenyl pyrazole) 
Polypyrazole - P6 was obtained from 1,3-PPPO (1.1016 g ,  3.29 m o l )  and 
4,4'-DHDPS (0.9170 g ,  3.29 m o l )  in 12 mL - m-cresol as  previously described 
f o r  - P1. The reaction mi.xture was heated t o  125°C f o r  48 hr under nitro- 
gen. The polymer was i so la ted  and worked u p  a s  previously described t o  
give 1.8 g (96% y i e l d )  of yellow polymer. The ninh of a 0.5% solut ion in 
chloroform a t  25°C was 0.13 dL/g. IR (KBr) 1595 cm" overlapped ( C = C )  and 
(C=N). 'H NMR (CDC13) 6 6.8-7.8 (24H, m, aromatic H ) .  13C N M R  ( C D C 1 3 )  
103.9 ppm (C-4 pyrazole r i n g ) ,  SFOR 102.7 and 105.5 ppm doublet. 
Poly 1, l '  - (  4,4 '  -0xydi phenylene) ( 1,4-phenylene) bispyrazole - P 7  
Into a 50 m i  three neck round bottom f l a s k  equ ipped  with a mech- 
anical  s t i r r e r ,  thermometer and nitrogen i n l e t  was placed 1,4-PPO (1.0218 
g ,  5.60 m o l ) ,  22 mL - in-cresol and 1 drop concentrated su l fu r i c  acid.  The 
so l id  dissolved a t  room temperature and the solut ion was cooled t o  0°C. 
4,4'-DHDPE (1.2913 g ,  5.6 m o l )  was added and rinsed in with an additional 
22 mL - in-cresol. The solut ion was kept a t  0°C f o r  1 hr and then slowly 
allowed t o  warm t o  room temperature. The temperature was gradually 
increased t o  80°C and held f o r  1 hr. The highly viscous solut ion was 
poured in to  methanol in  a high speed blender t o  p rec ip i t a t e  the polymer. 
The l i g h t  brown polymer was collected by f i l t r a t i o n ,  then heated i n  
methanol t o  remove residual - m-cresol, col lected and dried a t  95°C t o  give 
2.05 g (98% y i e l d ) .  The n i n h  of a 0.5% solut ion i n  concentrated su l fu r i c  
acid a t  25°C was 1.05 dL/g. IR (KBr) 1595 cm'l overlapping ( C = C )  and 
( C = N ) .  Due t o  the in so lub i l i t y  of the  polymer 'H and 13C NMR spectral  
data were n o t  obtainable.  
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Poly 1,l - (4,4' -0xydi  phenylene) ( 1,3-phenyl ene ) b i  spyrazol  e - P8 
Polypyrazole - P8 was prepared as p r e v i o u s l y  descr ibed f o r  - P7 f rom 
1,3-PPO (0.9543 g, 5.24 m o l ) ,  4,4'-DHDPE (1.2072 g, 5.24 mmol) and 20 mL 
- m-cresol t o  g i v e  1.94 g (99% y i e l d )  o f  y e l l o w  polymer. The ninh o f  a 0.5% 
s o l u t i o n  i n  N,N-dimethylacetamide (DMAc) a t  25°C was 0.51 dL/g. 
Transparent amber f i n g e r n a i l  c r e a s i b l e  f i l m s  were c a s t  f rom DMAc. I R  
(KBr) 1595 cm" over lapped (C=C) and (C=N). 'H NMR (DMSO-d6) 6 6.9-7.8 
(16H, m, aromat ic  H) .  
Po 1 y 1,l I - ( 4,4 I -Met hy 1 ened i p heny 1 ene ) ( 1,4- p heny 1 ene ) b i s py razo  1 e P9 -
Polypyrazole - P9 was prepared as p r e v i o u s l y  descr ibed f o r  - P7 from 
1,4-PPO (0.9230 g, 5.06 m o l ) ,  4,4'-DHDPM (1.1567 g, 5.06 m o l )  and 35 mL 
- m-cresol  t o  g i v e  1.84 g (97% y i e l d )  o f  l i g h t  brown polymer. The n i n h  o f  a 
0.5% s o l u t i o n  i n  concentrated s u l f u r i c  a c i d  a t  25°C was 0.54 dL/g. I R  
(KBr) 1595 cm-l over1appin.g (C=C) and (C=N). 
the  polymer, 'H and 1 3 C  NMR spec t ra l  data were n o t  ob ta inab le .  
Due t o  t h e  i n s o l u b i l i t y  o f  
Poly  1,l' -( 4,4' -Methylenedi phenylene) (1,3-phenylene) b i spy razo le  p10 
Polypyrazole P10 was prepared as p r e v i o u s l y  descr ibed f o r  - P7 f rom 
1,3-PPO (1.2342 g, 6.77 m o l )  and 50 mL - m-cresol t o  g i v e  2.43 g (96% 
y i e l d )  o f  y e l l o w  polymer. The qinh of a 0.5% s o l u t i o n  i n  DMAc a t  25°C was 
0.33 dL/g. I R  (KBr) 1595 cm" over lapp ing  (C=C) and (C=N). 'H NMR 
(DMSO-d6) 6 3.9 (2H, s ,  -CH2-), 6.8-7.8 (16H, m, aromat ic  H). 
Po ly  1,l I - (  4 ,4 ' -Sul fony l  d i  phenylene) ( 1,4-phenylene) b i  spyrazole - P 1 1  
Polypyrazole - P 1 1  was prepared as p r e v i o u s l y  descr ibed f o r  P7 f rom 
1,4-PPO (0.6824 g, 3.74 mmol), 4,4'-DHDPS (1.0426 g, 3.74 mmol) and 15 mL 
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- m-cresol t o  give 1.54 g (97% y ie ld )  of l i g h t  brown polymer. The q i n h  o f  a 
0.5% solut ion i n  DMAc a t  25°C was 0.60 dL/g. Transparent brown b r i t t l e  
f i lms were c a s t  from DMAc. X-ray d i f f rac t ion  spectroscopy indicates  s l i g h t  
c r y s t a l l i n i t y .  'H NMR IR (KBr) 1595 cm" overlapping ( C = C )  and ( C = N ) .  
(DMSO-d6) 6 6.6-7.9 (16H, m, aromatic H). l 3 C  "I (DMSO-d6) 109.4 ppm 
(C-4 pyrazole r i n g ) ,  SFOR 108.7 and 110.7 ppm, doublet. 
Poly 1 ,l '-( 4,4'-Sul fonyl diphenylene) (l93-phenylene) b i  spyrazole - P12 
Polypyrazole - P12 was prepared as previously described for - P7 from 
1,3-PPO (1.4566 g ,  7.99 mmol), 4,4'-DHDPS (2.2254 g ,  7.99 mmol) and 27 mL 
- in-cresol t o  give 3.2 g (95% y ie ld )  of yellow polymer. The ninh of a 0.5% 
solut ion in DMAc a t  25°C was 0.31 dL/g. B r i t t l e  f i lms were cas t  from 
DMAc. 'H NMR DMSO-d6 6 
6.6-7.9 (16H, m, aromatic HI. 13c NMR ( D M S O - ~ ~ )  109.3 ppm (c-4 pyrazole 
r i n g ) ,  SFOR 108.2 and 110.5 ppm, double t .  
IR (KBr) 1595 cm" overlapping (C=Cj and (C=#j. 
Fractionation o f  Polypyrazol e - P 1
Into a 50 mL beaker was placed 1.0 g of polyypyrazole - P 1 ,  (vin,, i n  
C H C 1 3  a t  25°C was 0.33 dL/g)  and  5 mL - m-cresol. The mixture was warmed 
un t i l  the polymer dissolved and toluene ( 5  m L )  was added. The polymer 
remained i n  solut ion and the mixture was allowed t o  cool t o  room temp- 
e ra ture .  Acetone was added dropwise un t i l  the mixture became cloudy. The 
t u r b i d  solut ion was allowed t o  stand f o r  24 hr. t o  y i e ld  a gumy pre- 
c i p i t a t e .  The solvent was decanted and the tacky polymer dried t o  give 
0.33 g (33% recovery) of yellow polymer. The q i n h  of t h i s  f rac t ion  of 
polypyrazole P 1  in CHC13 a t  25°C was 0.40 dL/g. 
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Uncyclized Polymer 
Into a 50 mL three neck round bottom f l a sk  equipped w i t h  a mech- 
anical s t irrer,  thermometer, and nitrogen i n l e t  was placed 1,4-PPO (1.7498 
g ,  9.6 mmol) and 15 mL - m-cresol. After the so l id  dissolved 4,4'-DHDPS 
(2.6720 g, 9.6 m o l )  was added and rinsed in w i t h  an additional 15 mL 
- m-cresol. After 8 hr a t  ambient temperature, the highly viscous solut ion 
was poured in to  methanol in a h i g h  speed blender, f i l t e r e d  and dried a t  
room temperature t o  give 4.3 g (97% y i e l d )  of br ight  yellow polymer. The 
IR (KBr) 3350 ' i n h  
cm-' ( N - H ) ,  1640 cm" ( C = O ) .  
of a 0.5% solut ion i n  - m-cresol a t  25°C was 0.35 dL/g. 
This polymer was cyclized by both chemical and  thermal methods. The 
polymer (1.0 g )  was cyclized chemically by dissolving i t  i n  concentrated 
s u l f u r i c  acid and pouring the solution in to  ice  water t o  give 0.9Og (97% 
y i e l d )  of tan polymer. The vin,, of a 0.5% solut ion in DMAc a% 25°C was 
0.43 dL/g. IR (KBr) 1595 cm-' overlapping ( C = C )  and ( C = N ) .  
The polymer (1.0 g )  was dissolved in - m-cresol ( 5  m L )  and  heated t o  
110-120°C f o r  3-4 hr under nitrogen. The polymer was isolated by pouring 
the so lu t ion  in to  methanol in a high speed blender, f i l t e r e d  and dried t o  
give 0.88 g (96% y i e l d )  of l i g h t  t a n  polymer. The vin,, of  a 0.5% solut ion 
i n  DMAc a t  25°C was 0.50 dL/g IR (KBr) 1959 cm" overlapping ( C = C )  and 
( C = N ) .  The IR spectrum of each polymer (chemically and thermally cyc l iz -  
ed) were e s sen t i a l ly  ident ical  and were very s imi la r  t o  those o f  other  
polypyrazoles. 
Aromatic Dithiols  
1,3-,Di thiobenzene 
The 1,3-dithiobenzene was obtained from Aldrich Chemical Co., and 
purif ied by vacuum d i s t i l l a t i o n  prior t o  use. 
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1,4-Di thiobenzene 
Sodium (13.8 g,0.6 mol) as slowly added to ethanol (95%, 180 mL) and 
allowed to react. Isopropylthiol (76.2 g, 0.6 mol) was slowly added 
dropwise to the sodium ethoxide solution at ice water temperature. After 
2 hours the reaction mixture was then reduced to half the initial volume 
in vacuo. Sodium isopropythiolate was precipitated from the reaction 
mixture with anhydrous diethyl ether (800 mL). The precipitate was 
filtered and dried overnight at room temperature in vacuo. 
A solution of the 1,4-dichlorobenzene (7.35 g, 0.05 mol) and sodium 
isopropylthiolate (14.72 g, 0.15 mol) in HMPA (200 mL) were stirred under 
a nitrogren atmosphere at 80°C for 3 hours. The progress o f  the reaction 
was monitored by TLC. The reaction mixture was poured into a saturated 
sodium chloride solution (2000 mi) and extracted with diethyl ether (i Lj.  
The organic layer was washed with water and dried over molecular sieves 
(4A), and the solvent was removed in vacuo. The p-di(isopropy1thio) 
benzene residue was chromatographed on silica gel using a mixture of light 
petroleum (bp 40-60°C) and ethyl ether (98:2) as eluants. The product was 
purified by vacuum distillation, b p  169-171°C (18 mm). IR (KBr) 3063, 
2970, 2950, 2870 cm", 1456 cm-l (C=C,s), 1375, 1385, (isopropyl C-H, M ) ;  
'H NMR (CDC13)a 3.2 (2H, m, isopropyl C-H), 6 1.2 (12H, d, isopropyl CH3). 
The 1,4-di(isopropylthio) benzene (4.54 g, 0.02 mol) was suspended in 
liquid ammonia in a three-neck flask filtered with a dry ice-acetone 
condenser. The suspension was stirred under a nitrogen atmosphere as 
small pieces o f  sodium (1.83 g, 0.08 mol) was added until a blue color was 
permanent for 30 minutes (1.5 to 2 equivalents of sodium was necessary for 
each a1 kylmercapto group). Sol id ammonium chloride was added to decompose 
the excess sodium, and the ammonia was permitted to evaporate overnight in 
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a nitrogen atmosphere. The residue was dissolved in a mixture of ice- 
water and excess hydrochloric acid (200 mL o f  HC1, and 200 g of ice). The 
crude 1,4-dithiobenzene precipitate was purified by steam distillation and 
the aqueous suspension of dithiol was filtered, and dried in vacuo, mp 
97"C, (lit. 23 97.5-98.5"C). IR (KBr) 3060-3020 cm" C-H, w), 2560 cm-l 
(S-H, s ) ,  1580 cm- (C = C, m); 'H NMR (CDC13) 6 3.2 (2H,s,S-H). 
4,4'-Di thiodiphenyl 
The title compund was prepared from 4,4'-dichlorodiphenyl as de- 
scribed in the preparation of 1,4-dithiobenzene. Purification was ac- 
compl ished by dissolving the crude 4,4'-dithiodiphenyl compund into a 5% 
aqueous sodium hydroxide solution (500 mL) and filtering through a sin- 
tered glass funnel into concentrated hydrochloric acid (300 mL). The 
solid product was collected by filtration. This treatment was repeated 
and the product was sublimed at 15O-16O0C, to give 4,4'-dithiodiphenyl, mp 
179-180°C (Lit. 23 179-181°C). IR (KBr) 3060, 3020 cm" (C-H, m), 2550 
cm-' (S-H, m);  'H NMR (CDC13) 6 7.2 (8H,s, ArH), 3.2 (ZH, s ,  S-H). 
4,4' -Di sul fonyl Chloride Diphenyl ether 
Diphenylether (42.0 g,0.25 mol) was slowly added to chlorosulfonic 
acid (100 ml, 1.52 mol) while stirring. After three hours, the reactior: 
mixture was poured into (2L )  and the crude product was filtered. Re- 
crystallization from high boiling ligroin (bp 90-120°C) gave colorless 
needles of 4,4'-disulfonyl chloride diphenylether: yield 70.3 g (77%); mp 
123-125"C(Lit.24 mp 128-129°C). 
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4,4' - D i  s u l  f o n y l  Ch lo r ide  D i  phenylmethane 
Diphenylmethane (42.0 g, 0.25 mol )  was s low ly  added t o  c h l o r c s u l f o n -  
i c  a c i d  (100 mL, 1.52 mol)  w h i l e  s t i r r i n g .  A f t e r  t h r e e  hours, t h e  reac-  
t i o n  m i x t u r e  was poured i n t o  water (2L) and t h e  crude produc t  was f i l t e r -  
ed. A 69% (62.4 g) y i e l d  of the crude produc t  was ob ta ined and used 
w i t h o u t  f u r t h e r  p u r i f i c a t i o n ;  mp 90-109°C. 24 
4,4' - D i  t h i o d i  phenylether  
Stannous c h l o r i d e  (80.0 g, 0.35 mol)  was added t o  g l a c i a l  a c e t i c  
Hydrogen c h l o r i d e  gas was a l lowed i o  pass a c i d  (300 mL) w h i l e  s t i r r i n g .  
through t h e  t u r b i d  m ix tu re  u n t i l  a c l e a r  homogeneous s o l u t i o n  was ob- 
ta ined.  4 ,4 ' -Disu l fony l  c h l o r i d e  d iphenyl  e t h e r  (ii .O g, 0.03 mol j was 
then added and a l lowed t o  r e a c t  f o r  30 minutes.  The r e a c t i o n  m ix tu re  was 
then f i l t e r e d  i n t o  concentrated hyd roch lo r i c  a c i d  (300 mL) t o  decompose 
the  s tann ic  s a l t  of t he  d i t h i o l .  The a c i d i c  m ix tu re  was e x t r a c t e d  w i t h  
pet ro leum e the r  (80OmL). The organic l a y e r  was d r i e d  over  molecular  
s ieves  (4A) and 'the so l ven t  was removed i n  vacuo. R e c r y s t a l l i z a t i o n  f rom 
petro leum e t h e r  gave wh i te  c r y s t a l s  o f  pure product :  y i e l d  3.82 g (57%), 
mp 100-102°C (Lit.25103-1040C). IR (KBr) 3000, 3020 cm" (C=C,m). 'H NMR 
(CDC13) 6 7.2 (8H, Q,Ar-H), 3.2 (2H,s, S-H). 
4,4'-Dithiodiphenylmethane 
The t i t l e  compound was prepared by procedures descr ibed f o r  t he  
p repara t i on  o f  4,4'-dithiodiphenylether. To a homogeneous s o l u t i o n  (80.0 
g, 0.35 mol) ,  g l a c i a l  a c e t i c  a c i d  (300 mL) and hydrogen ch lo r i de ,  4,4'- 
d i s u l f o n y l  c h l o r i d e  diphenylmethane (11.0 g, 0.03 mol)  was added. 
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The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  30 minutes and f i l t e r e d  i n t o  concen- 
t r a t e d  h y d r o c h l o r i c  a c i d  (30OmL). The a c i d i c  m i x t u r e  was e x t r a c t e d  w i t h  
pet ro leum e t h e r  (400 mL). The organic  l a y e r  was d r i e d  over  mo lecu la r  
s ieves (4A) and the  so l ven t  was removed - i n vacuo. The c l e a r  w h i t e  s o l i d  
was f u r t h e r  p u r i f i e d  u s i n g  a Kugelrohr d i s t i l l a t i o n  apparatus. A f t e r  
p u r i f i c a t i o n  1.52 g (22%) of t h e  pure 4,4'-dithiodiphenylmethane was 
obtained; mp 63-65°C. I R  (KBr) 3080, 3040, 2920 and 2850 cm-l (C-H, m), 
2560 cm-' (S-H, m), 1600 cm" (C=C). 'H NMR (CDC13) 6 7.2 (8H, Q,Ar-H), 6 
3.2 (2H, S ,  S-H), 6 3.9 (ZH, S ,  CH2). 
Model Enonesul f ides  
1,3-Diphenyl-3-phenylthio-2-propen-l-one 
The t i t i e  enonesul f ide modei was prepared by procedures repo r ted  by 
Omar and Basyouni. 26 To a s o l u t i o n  o f  1,3-diphenyl-2-propyn-l-one (BPA) 
(0.50 g, 2.42 mmol) and thiophenol  (0.28 g, 2.42 mmol) i n  (10mL) methanol 
was added two drops o f  p i p e r i d i n e .  The s o l u t i o n  was a l lowed t o  r e a c t  a t  
room temperature f o r  15 minutes before the  f i r s t  appearance of c r y s t a l s .  
A f t e r  24 hours, a near q u a n t i t a t i v e  y i e l d  of t h e  crude produc t  was c o l -  
l e c t e d  and d r i e d  (0.70 g, 2.21 mmol , 90%). Fo l low ing  r e c r y s t a l l i z a t i o n  
26 from methanol pure y e l l o w  c r y s t a l s  were obtained, mp 105-107°C ( L i t .  
105-107°C). I R  (KBr) 3060 and 3020cm-1 (C-H,w), 1635 cm" (C = 0, s ) ,  
1540 and 950 cm" (C=C-,s), 1250 an'' (C-0,s); 'H NMR (CDC13) 6 7.0-8.1 
(15 H,m,Ar-H, and 1H v i n y l ) .  
B i s  ( 1,3-diphenyl-Z-propen-l-one)sulf i de 
A s o l u t i o n  o f  BPA (1.5 g, 7.3 mmol) avd sodium s u l f i d e  nonahydrate 
(0.87 g, 3.6 mmol) i n  60 mL o f  methanol was heated a t  r e f l u x  f o r  1 hour.  
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The solution was allowed to stand at room temperature for 24 hours before 
removal of the solvent - in vacuo. A near quantitative yield (1.5 g, 3.4 
rnmol , 93%) of the crude enonesulfide product was obtained. Recrystal 1 i -  
zation from methanol provide pure crystals, mp 183-185°C. IR  (KBr) 3060 
and 3020 cm" (C-H, w), 1640 cm-' (C = O , s ) ,  1550 and 950 cm-l (C = C-,s), 
1250 an' (C-0,s); 'H NMR (CDC13) 6 7.0-8.1 (20 H,m,Ar-H and 2H vinyl). 
1 ,3 - P heny 1 en e b i s ( 3 - p heny 1 - 3 - p h eny 1 t h i o - 2 - p rope n - 1 -one ) 
To a solution of 1,3-PPPO (0.72 g, 2.2 mmol) and thiophenol (0.48 g, 
4.3 rnmol) in l-propanol (6OmL) was added 4 drops of N-methylmorpholine. 
The solution was heated at reflux for 4 hours and allowed to stand at room 
temperature for 24 hours. The solvent was removed in vacuo and a near 
quantitative yield (1.12 g, 2.0 mmol, 93%) of the crude enonesulfide 
product was obtained. RecFystallization from methanol, l-propanol or a 
mixture of benzene and hexane gave pure yellow crystals, mp 174-175°C. IR 
(KBr) 3060 and 3020 cm" (C-H,w), 1640 cm-' (C=O,s), 1535 and 570 cm" 
(C=C-,s), 1235 cm" (C-0,s); 'H NMR (CDC1H3) tj 7.0-8.1 (24HAr-H and 2H 
vinyl ).  
1,4-Phenyl enebis (3-phenyl-3-phenyl thio-2-propen-l-one) 
To a solution of 1,4-PPPO (0.75 g, 2.2 mmol) and thiophenol (0.49 g, 
4.5 mmol) in l-propanol (60 rnL)was added 4 drops of N-methylmorpholine. 
The solution was heated at reflux for 4 hours and allowed to stand at room 
temperature for 24 hours. The solvent WES removed in vacuo and a near 
quantitative yield (1.20 g, 2.16 mmol) of the crude enonesulfide product 
was obtained. Recrystallization from methanol , l-propanol or a mixture of 
benezene and hexane gave pure yellow crystals, mp 201-203°C. IR  (KBr) 
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3060 and 3020 cm-' (C-H,w), 1640 cm-' (C = 0, s ) ,  1540 and 960 cm-l (C = 
C-,s), 1250 cm-l (C-0,s); 'H NMR (CDC13) 6 7.0-8.1 (24  H, A r - H  and 2H 
v i n y l  ) .  
Polyenonesul f ides  
Polyenonesul f ides repo r ted  i n  t h i s  s tudy were prepared accord ing  t o  
the  f o l l o w i n g  general  procedure. A1 1 po lymer iza t ions  .were c a r r i e d  o u t  i n  
a 100 m l  t h ree  neck round bottom f l a s k  submersed i n  a cons tan t  temperature 
o i l  bath.  The requ i red  dipropynones and aromat ic  d i t h i o l s  were p u r i f i e d  
be fore  po lymer i za t i on  by appropr ia te  r e c r y s t a l l  i z a t i o n  techniques. The 
so lvent ,  - m c reso l  and N-methylmorphol i n e  c a t a l y s t  used i n  these polymer i -  
za t i ons  were d i s t i l l e d  before use. Approximately 3.8 mmole (20% s o l i d s )  
of each of t he  requ i red  e l e c t r o p h i l i c  and n u c l e o p h i l i c  monomers were 
p laced i n  a f lame d r i e d  t h r e e  neck f l a s k .  To t h i s  m i x t u r e  was added 7 m l  
o f  - m-cresol. The r e a c t i o n  mixtures were s l o w l y  s t i r r e d  under a n i t r o g e n  
atmosphere as a c a t a l y t i c  amcunt (2-4 drops) of N-methylmorphol i n e  was 
added. A constant  temperature ranging from 25-40°C f o r  8-36 hours was 
mainta ined f o r  a l l  po lymer izat ions reac t i ons .  As the  monomers g radua l l y  
d isso lved,  t h e  s o l u t i o n  changed f rom a b r i g h t  y e l l o w  t o  an amber c o l o r  and 
became h i g h l y  v iscous. The progress of po lymer iza t ions  were moni tored by 
i nhe ren t  v i s c o s i t y  measurements, IR spectroscopy, o r  TLC. A f t e r  12 hours 
the  h i g h l y  v iscous s o l u t i o n s  were poured i n t o  a h i g h  speed b lender  con- 
t a i n i n g  methanol (200-400 mL) t o  p r e c i p i t a t e  t h e  po lyenonesu l f ide  po ly -  
mers. The s o l i d  f i be rous  polymers obta ined were f i l t e r e d ,  r i n s e d  repeat-  
e d l y  w i t h  methanol and d r i e d  a t  room temperature. The y i e l d  o f  a l l  
po l ymer i za t i on  reac t i ons  v a r i e d  from 90 t o  98%. Inhe ren t  v i s c o s i t y  and 
thermal data f o r  t en  polyenonesul f ides a re  recorded i n  Table 3. 
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Model Pyrimidine 
4,4 I -(Phenylene ) bi s (2,6-di phenyl pyrimidine) 
In a 100 mL round bottom flask fitted with a reflux condenser, a 
solution of benzamidine . hydrochloride (0.2009 0.598 mmol) lY4-PPPO 
(0.2309 1.197 mmol) and sodium bicarbonate (0.1109 1.30 mol) in 2- 
propanol (150 mL) was heated at reflux for 8 hours. During this time a 
white precipitate separated from solution. The reaction mixture was 
cooled to room temperature and a drop of the supernatant was sujected to 
thin-layer chromatography. Upon development of the plate no spots corre- 
sponding to unreacted starting materials were detected. The reaction 
mixture was then filtered and the precipitate was washed with water t o  
remove any salt formed from the neutralization of benzamidine hydro- 
cnioride. The precipitate was dried and weighed to yield 0.3159 (98%) o f  
the dipyrimidine. Crystalization f rom dioxane gave the dipyrmidine as a 
white powder, mp 345-346.5"C. 
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Table 4 
Spectral C h a r a c t e r i z a t i o n  of Model Compounds  - 15 and - 17 and Polypyrazolone - 19 
15 - 17 
-.I 19 - 
'H NMRb 13c N M R ~  
Compound  Yielda H ( N 2 )  H(C4)  c3 c4 c5 
15 96 11.8 6.0' 149.5 85.2d 153.8 
17 83  11.9 6.0 149.5 85 .1  153.8 -
19 86 -- 6.02 149.5 83.8 154.0 -
Crude yield, in % a 
bAll spectra w e r e  o b t a i n e d  in DMSO-d6 and are reported in ppm. 
'C4 proton appears as weak  double t  
dC4  carbon appears as doublet in SFOR. 
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T a b l e  5 
Synthesis and Charac te r iza t ion  of P o l y p y r a z o l o n e s  
Polymer D i e s t e r  
Yield b React ion Reac t ion  ' inh 
Dihydraz ine  Timea, h r  Temp,  OC d L / g  % 
18 
19  
20 
-
-
1,4-PEP 4,4'-DHDPS 27 115 0.12 98 
1,4-PEP 4,4'-DHDPM 48 120 0.44 86 
1,4-PEP 4,4'-DHDPE 40 50 - 100 1.06 81 
a m-cresol as solvent - 
bDMSO solvent, 0.5% g /dL concentration ( w / v )  
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